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IISOTHE UNI^pab STATES PATENT AND TRADEMARK OFFICE 




In re Application of 



Simon MOLLER et al . 



Serial No. 09/439,534 



Examiner : A . Mehta 



Filed: November 12, 1999 



Group Art Unit: 1638 



For: INDUCIBLE SITE-SPECIFIC 
RECOMBINATION FOR THE 
ACTIVATION AND REMOVAL 
OF TRANSGENES IN 
TRANSGENIC PLANTS 



Assistant Commissioner for Patents 
Washington, D.C. 2 0231 

Dear Sir: 

In response to the Final Office Action mailed January 7, 
2003, Applicants submit the following amendments and remarks, and 
request reconsideration and withdrawal of the pending rejections. 

A request for an extension of the time of response by three 
months accompanies this filing. 

AMENDMENTS TO THE CLAIMS are reflected in the listing of 
claims which begins on page 2 of this paper. 

REMARKS begin on page 6 of this paper. 

The CONCLUSION begins on page 11 of this paper. 



AMENDMENT AND REQUEST FOR RECONSIDERATION 



AMENDMENTS TO THE CLAIMS 

Please cancel claims 40, 42 and 60. 

Please amend claims 39, 41, 46 and 59, and add new claims 74 
and 75, as indicated. 

This listing of claims will replace all prior versions, and 
listings, of claims in the application. 

Listing of Claims ; 

Claims 1-38 (Canceled) 

39. (Currently amended) A plant transformation vector comprising 
a gene of interest, at least one cm inducible gene encoding 
a recombinasei — and two under the control of a hormone 
inducible promoter system, and at least one pair of 
recombination sites, wherein said recombination sitesT 
wherein said recombination sites flank said gene encoding a 
transcription factor, — said marker gene and said inducible 
gene flank a marker gene . 

40. (Canceled) 
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41. (Currently amended) The vector of claim 39 wherein said pair 
of recombination sites flanks said marker gene and said 
inducible gene, and said recombinase causes deletion of said 
gene encoding a transcription factor, — said marker gene and 
said inducible gene. 

42. (Canceled) 

43. (Original) The vector of claim 39 wherein said inducible 
gene encodes CRE, FLP, GIN or R. 

44. (Original) The vector of claim 39 wherein said recombination 
sites are lox, FRT, gix or RS. 

45. (Original) The vector of claim 44 wherein said lox sites are 
mutant and have a lower affinity for CRE than does wild-type 
lox. 

46. (Currently amended) The vector of claim 39 wherein said 
marker gene is having at least two pairs of recombination 
sites, wherein a first pair of recombination sites flanks a 
marker gene under the control of a high affinity hormone 
inducible promoter^ and said inducible a second pair of 
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recoiTibinatiQn sites flanks a recombinase gene irs under the 
control of a low affinity hormone inducible promoter^, 
wherein said high affinity hormone inducible promoter is 
induced by art a hormone at a low concentration and said low 
affinity hormone inducible promoter is induced by said 
indu c er hormone at a high concentration. 



Claims 47-58 (Canceled) 



59. (Currently amended) A method for excising a marker gene from 
the genome of a transgenic plant or plant c ell germ line 
cell of a transgenic plant , comprising: 

a) transfecting a plant or plant cell with the vector 
of claim 39 to form said transgenic plant or effect 
stable transformation of said plant cell; and 

b) adding an inducer — to induce said inducible gene, 
wherein said inducible gene produces a RECOMBINASE 
which removes said marker gene from said genom e , 
regenerating a transgenic plant from said stably 
transformed plant cell; and 

c) exposing said transgenic plant to an inducer to 
induce the hormone inducible promoter system, 

wherein said inducer induces said hormone inducible promoter 
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system so as to effect expression of said recombinase in a 
germ line cell of said transgenic plant, followed by 
excision of said marker gene from the genome of said germ 
line cell, such that said marker gene is not inherited by 
the progeny of said transgenic plant. 

60. (Canceled) 

Claims 51-71 (Canceled) 

72. (Currently amended) A plant oi: plant cell transformed plant 
comprising the vector of claim 39. 

73. (Canceled) 

74. (New) The vector of claim 39, wherein the hormone inducible 
promoter system is the GVG inducible promoter system. 

75. (New) The method of claim 59, wherein the hormone inducible 
promoter system of the vector is the GVG inducible promoter 
system. 
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REMARKS 

Claims 39-46, 59, 60 and 72 are pending in the application. 
All the pending claims were finally rejected in the Office Action 
mailed January 1, 2 003. 

I. REJECTION UNDER § 112, FIRST PARAGRAPH, ENABLEMENT 

The Patent Office maintained the rejection of claims 39-46, 
59, 60 and 72 under 35 U.S.C. § 112, first paragraph, for lack of 
enablement. This rejection is moot as to cancelled claims 40, 42 
and 60. The Patent Office asserts that the specification enables 
only plant transformation vectors based on the GVG system, and 
does not provide reasonable enablement for vectors comprising all 
transcription factors and inducible promoter systems and non- 
plant vectors . 

New claims 74 and 7 5 specifically recite plant transfection 
vectors comprising the GVG system, and so are not subject to this 
rejection. While Applicants maintain that this rejection is not 
properly applied to the pending claims, in the interest of 
advancing the prosecution of this application, the claims have 
been amended to recite plant transformation vectors based on a 
hormone inducible promoter system. It is believed that the 
present amendments place the claims in condition for allowance, 
or in better form for appeal. There is abundant evidence in the 
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specification showing that hormone inducible promoter systems 
such as the GVG system function well in the present invention 
(and the Patent Office acknowledged in the Office Action mailed 
February 25, 2002, at page 5, that the art teaches that hormone- 
inducible promoter systems other than GVG would be suitable for 
use in the invention) , and there is no evidence of record that 
refutes the presumptive accuracy of the disclosure. Subsequent 
work of the present inventors has in fact confirmed this."^ 

The fact that unrelated inducers, such as heat shock, have 
subsequently been deemed unsuitable for use does not detract from 
the enabling nature of the present disclosure, which shows 
expressly that hormone inducible promoter systems in fact 
function well in the present invention - it is well within the 
ordinary skill in the art to select and test appropriate 
inducible promoters for use in the present vectors and methods, 
without resort to undue experimentation. See Ex -parte Jackson , 
217 U.S.P.Q 804, 807 (B. P.A.I. 1982) ("The test [for determining 
if experimentation is "undue"] is not merely quantitative, since 
a considerable amount of experimentation is permissible, if it is 
merely routine ..."); In re Anastadt & Griffin , 190 U.S.P.Q 214, 



^ See Zuo, et al . , Nature Biotech. , 19:157-161 (2001), a copy 
of which is attached for the Examiner's convenience, describing 
the hormone- inducible ''XVE" promoter in similar uses. 
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218 (C.C.P.A. 1976) (experimentation not undue unless it requires 
''ingenuity beyond that to be expected of one of ordinary skill in 
the art."). Furthermore, because operativeness and enablement 
are separate inquiries,^ even when some embodiments of an 
invention are inoperative, the enabling nature of the disclosure 
as a whole is not negated. Atlas Powder Comoanv v. E.I, Du Pont 
de Nemours & Company and Alamo Explosives Company, Inc . 750 F.2d 
1569, 1576; 224 U.S.P.Q 409, 414 (Fed. Cir. 1984) (''Even if some 
of the claimed combinations were inoperative, the claims are not 
necessarily invalid."); Crown Operations Int'l. Ltd., et al. v. 

Solutia, Inc. 289 F.3d 1367, 1380; 62 U.S.P.Q. 2d 1917, (Fed. 

Cir. 2 002) ("Such inoperative embodiments do not necessarily 
invalidate the claim."). Applicants therefore respectfully 
request entry of the amendments, and reconsideration and 
withdrawal of this rejection. 



^ National Recovery Technologies, Inc. v. Magnetic Separation 
Systems, Inc. . et al . . 166 F.3d 1190, 1196; 49 U.S.P.Q. 2D 1671, 
1676 (Fed. Cir. 1999) ("Whether a patented device or process is 
operable is a different inquiry than whether a particular claim 
is enabled by the specification. In order to satisfy the 
enablement requirement of §§ 112, paragraph 1, the specification 
must enable one of ordinary skill in the art to practice the 
claimed invention without undue experimentation."); Crown 
Operations Int'l, Ltd.. et al . v. Solutia, Inc. 289 F.3d 1367, 

1380 n. 9; 62 U.S.P.Q. 2d 1917, n. 9 (Fed. Cir. 2002) ("The 

inoperative embodiment inquiry informs the enablement inquiry; 
they are not the same inquiry.") ( citing Nat ' 1 Recovery 
Technologies , supra . 
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XI. REJECTIONS UNDER 35 U.S.C. S 103(a) 

The Patent Office has maintained its rejection of claims 39- 
44, 59, 60 and 72 under 35 U.S.C. § 103(a) as being unpatentable 
over Sugita et al . ("Sugita")/ in view of Aoyama et al 
("Aoyama"). This rejection is moot as to cancelled claims 40, 42 
and 60. While Applicants maintain the position that the Patent 
Office has not made out a case of prima facie obviousness of the 
claims, in the interest of advancing the prosecution of this 
application, the claims have been amended in a manner that is 
believed to define subject matter that is definitively free of 
the prior art. The claims have now been amended to recite plant 
transformations vectors employing a hormone inducible promoter 
system (claims 39, 41, 43-44 and new claim 74), transformed 
plants comprising such vectors (claim 72) and methods employing 
such vectors (claims 59 and new claim 75) . The prior art does 
not teach or suggest this particular combination of elements, and 
a person having ordinary skill in the art would not be motivated 
to make the modifications to the prior art necessary to arrive at 
the presently claimed invention with any reasonable expectation 
of success. 

Furthermore, as has been previously stated, the present 
invention unexpectedly permits reliable, consistent, high- 
efficiency recombination in plant germ-line cells, something that 



prior art methods did not. As previously argued, Sugita et al . 
were never able to demonstrate excision in germ line cells, and 
thus were never able to demonstrate that the ''excised" phenotype 
( i.e. , the genome lacking the excised gene) was inherited in 
subsequent generations. See Paper 16 (Amendment file June 25, 
2002), pp. 15-16. It is believed that the present amendments 
place the claims in condition for allowance, or in better form 
for appeal. New claims 74 and 75 specifically recite plant 
transfection vectors comprising the GVG system, and so are not 
subject to this rejection. Applicants therefore respectfully 
request entry of the amendments, and reconsideration and 
withdrawal of this rejection. 

The Patent Office also maintained its rejection of claim 45 
as being obvious over Sugita, in view of Aoyama, and further in 
view of Albert, et al . For the reasons set forth above with 
regard to claims 39, 41, 43-44, 59, 72 and new claims 74 and 75, 
Applicants believe that this claim is now in condition for 
allowance, and respectfully request that this rejection be 
reconsidered and withdrawn. 
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CONCLUSION 

In view of the forgoing amendments and remarks. Applicants 
submit that the claims are in condition for allowance, and 
request withdrawal of all pending rejections and a favorable 
action on the claims. 



Respectfully submitted, 



July 7, 2003 




Mark I. Bowditch 
Attorney for Applicants 
Registration No, 40,315 

ROTHWELL, FIGG, ERNST & MANBECK, p.c. 
Suite 800, 1425 K Street, N.W. 
Washington, D.C. 2 0005 
Telephone: (202) 783-6040 
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Chemical-regulated, site-specific DNA 
excision In transgenic plants 

Jianru ZuoS Qi-Wen ^2iu^ Simon Gelr Moller, and Nam-Hai Chua* 

bibonitoryi>rPtaniMt^fXtiI&rBiQtDgy, TlUfBodidvUcr University JZ30 >fo/*/iit»/»</^»Ahr Tbrk. NY 1002), 
* Cotfsspondiiift'autitot (chtst&riKkva.'UtKAdcDar.edu). ' Ihes&aitiiian foniributffd equally u> ttht uvrA; 

S«<»l«td 7 Sepivmber 2000; accq»cd 20 NW'ii^er 2000 

We havs developed a chemical-inducihlc^ sit!SK$p«cirto DNA exd&ion system in transgenic 
Arabrdopsis plants medraced by the Cre/foxPDNA n^cdmbinQtion system. Expressiod of the Cre recombN 
nase was tighUy ControU^ by an estrogen rccej>tof.ba$ed fusion transactJvator Xv^, Upon induction by 
(j-estradfol, sequences encoding the selectable marker, Cre, and XVE sandwiched by two /ojcP sitasi were 
exc{£«d from the Arabidopsfs genome, teaoing xo aciivat'ion of the tfownstrcam GFP (green fluorescent 
protein) reporter gene. Genetic and molecular analyses rndtcated that the system is tightiy controlled, 
$howir>g high-efficiency inducible DMA exertion in all 19 transgenic events tested with either single or 
multiple T-ONA insertions. The system provides a highly reliable method to generate marker-rree trans* 
genie ptants dher transformation through either organogenesis or somatic embfyogenesis. 

I^VArris: PN^A <9(d«idJlL Cn/IaxP. inarktir-free [raiuebriuAnrs, imru!gp-oic p^HMi. XV£ 



Tlvi use of u-ansgcaic tccfmcilogy for Agricultural purposes Jias 
Kiwunw.srt'^i scvcM'ftI diallen^jcs. One concern fecrdattsd ia \ho pn-S- 
o,OC<^ in Xr?ii1SgcniC croj? plants of nirirkcr genes laanren'lng amlbioiic 
or Iici-bjcldc rcsistfincc. Alihoufili no scicnOllc basis has been ^1<^ter- 
n\it\{;U ftjr ihci^w concerns, remnvji] of niiii^a' genes would likely hnj!- 
icii iIiepublirrAec^pL'ifitL of tnjnsgttnfccTopji, 

To Uiis end. several sysicitis for ilu; gDni^iTiUan oF mflrJ<cr~rree 
tniii^gciuc plnnbs lutvc been described, Om tnihitr Utno-COrlSuriiii^g 
apfirdvttih Ut o^ccim; or fkt'grcgritv a ntnrkt.T gene Jtditi a targci gene 
by Ai^Mnl ctwMrs or rctninsroniunion'"^. A second approach bt based 
on i>v(3-cxprtsssion of ilieisopeiiicnyl uansfcrHse Opii genc**'^**, Li an 
early aUcnripi. Cbtnuma ^nd covvorkm developed ctn /pf-bnsnd 
transromiariorj fiysicni wiih low cfnci(»ucic!S (O.S-t.0%}'^ Recently, 
ibosc r(iSG*tftltta?i rcjiortcd an Improved inarkec'tt^clsion sysicn^ 
using the R rccdinbUwsc continUod by an Inducible promoter^ and 
obialncd CIvc nutrfccr-frci; pInnJS ffoui 37 ipf-shooi.y lines". 
However, the lack^of gericlii: data jonkes it. uncertijin whqtlier DNA 
reccjoblnfiiion had oceui-nid hi ihj* gcft'tilinty? of chctsrr plants. 
Monjfjvqr. this i»>-!iicm i* not suitaJf^lc for mosi cconomicJilly impor- 
uuit ti'Oyya. whSdi are rcgcncniicd liirough somndc enibryogwusls 
rntiier Lh:iri cytjOk5nui'-dc|jGndcnt orgcuiog(inc»i.s. In un independent 
erfori. Kmikd er ii/J* pUicixl ipt undar tlvst control of the GAL4- 
VP16"$Uicocortiajid rcteptoi- (GVG)-lJiduqlWe cNpfosslon ,syswni" 
unabllng Induciblo Jpt expifiSHion and rtgeiiCration of tnm:(gci]iL 
plants. AJtliaugh ihL^ irit^ihod improved the iransfohttiiiioti cITidcn- 
cy. the nfjn~pl.int, 35S-GV6' aiid UAS^Ipf trantiguncs inay /tJso ralic 
public concent, AddiUonally, GVG-/pCsy$icni can Ortly be used 
for ihc liimrcd autiUx'r of plant spodr^ riiatdcpond on organogQnc- 
sis for rtrgcncniiion. 

To develop a i'cU;iblc syj^iun ror(jxd.s{on of selectable mnrkcrs, it 
is irttpoi'tani 10 dv&tusguisli sucasssTul D>3A reconihlnutlou cvnnts in 
gcniLlliia ccil^fL'f^tn diosc in SOUUlliC cdb. VVhaxas marker excision 
front somntlc ct}U$ rwiy V^a u^^cful for vGg<Mt-itivc propngallon of trans- 
genic plariis^^*'*'^. ihc lechnalogy cannoi be applied to most crop 
pinnvs. which are pcopagai^ by seeds. To produce mnrker-friM! prog- 
eny, successful DNA i^CCOtilbinalion rau&t occur in gnniciu5 or Umfr 
12 prog(*nJior celU in Hxa »hooL apical incrisicm^'"®. Tliurcforc. the 



gtiicral uilli/i4t,\on of t* markt:r exchinn Kystcin depends largely on 
ihcDNA excision cCndency In geiwUn^'t cdl*. 

\Wti p]-eseni. here h dicniical-indudbh^ sitc-*ip<idljc DNA nxchiioa 
sysicxn in iraaSRcnic Ambidapsh plntir.s» iciTrttd CLX (for CrdloxP 
DNA ^>?t^:islon svAimi). coiuroUcU hy i,hc XVH s>Tiictn^'' Comparud 
to prcvtcnisly ro|ioncd s\'si.e!u«i. tin; VAX s>-iicnl Is tigbUy coni.rolJod 
and D.\"A t\d.siuu ran be inductir) :>i effidcncy. More impor- 
litiiL Ibis System is useful for all lyptsj of c.xpiaciL regeneration elthOf 
by ru'^nnogenc*is tn* sonwtic cxribryogcncsls, 

Re$utu 

A cheniical-iuducibtc Crc//dxP DNA mon\buia}:ion ^sten. Our 
Ktiiile^jiy wtis to iraiisfrjrtn nnd njgttrti^ltl li^ffisgenic plant": using any 
couveulioival selccu\bl^^ niarkrir. nnd iubjitHjucnily to rtjmovc tlic 
niarkfir froitt the hast plant genome by cbWJiJtraily njgulatcd siii- 
spcdfic DN.\ exc.i&lon. Tlje XVE-iadudblc cxpressinn systcin"^ was 
diosen ro CrtiiiU-uct lijr CLX sysi.cizi .(Fig. 1). Tlic baclcilophngq 
PI Cre recornbiiiaic;. whldi .sp<>cU7caJ}y jTCOgnixcs laxPuStcs bot)i jb 
vh^ Hiid in plnnt cdU-A was pirited undur i>ig control of dif^XVI* 
sj-iteri). Bccau5i; die 0^*^''^ '4f) promoter has background expression 
in bacterial coUs, ihc Cre aiding sotiucnce wtti intcn-upiGd by a fdtati 
intron te prtvcni bacterial cxpn^i^ion of cre. Use cn^int (usinn gone 
vras gencnucd by imcrtiug iution 5 of the AfObidcpiis KOR\ genc''^ 
bn.\vcf»n caduns 1 i4 and 1 '15 of llU' cr^sequnncE. Nudcotldcs 4' 6 of 
the Intron (TTG) viint; cnutavod lo ACT to bieucrr match the ifpVidiig 
CQfiAtfiKus if^ Ar^bj<f0ptth, A kanan^iii-fEolociablC niaHwr was 
plawd b&l^vftt3l \}^i> XVEhTid lliccrt'lranscripf ion uoiliJ. Tltese three 
^inscription units were fl/udajd by two /av/'siicsso ilwt p-csu^dlol- 
kKluctd DNA rccoinbinntion would rctnovfr all these qmnponenU. 
Ii:;)din£; to die activation of the downsiream OPPgaxc by (he Gl 0-90 
proniotcr^^. 

Thu CIX vccicir pX^ GF? was* i!itiT>dwccd into /irabidapsis \iy 
AgrobacterJum-mt^tstuai root culture u-amforrn.'ufon'^ Forty-three 
putative tniii&ranfwd shouui (Tc) were generated allGr four to five 
weeks of culturinu; On a lainani^'cin -containing shoot regi^nemdon 
niLtliuau Five sboois were transferred onto an inducdva nt<!dtuni. 
mid the remitiriint; 38 $1joois %vert- tiansfcrtGd onto 
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swbp Uuii GxpodjGd Tor a domlrtaiii. gcno (colmtm 2 , Tabic 1) . To 

cstJin^ti! the nscombinAticin IicsqvKitKry. liie tmiis^qriic 
tocus nun^bqr was iirsl dctennincci Ijy troiEifcrrliig all 
Cl'P-ijqgmivt {G0P:) proguny dUicr w the Inductive or 
wlqcUv-c milium, siritl additional TVprogPDy showing 
frlLhof p-<}strarlioJ-i7itJucc!d C/^jP cxprcssicni or kaoamyciia 
rofic»rt/i«j (KAN'*) v^wc idLlltlHcd. It appcnroit thatlincx 1 
and 3 contained a single cffttwgcnic locus, and Htic 2 con- 
tained possibly two LranRgeriic loei Ccolumji 3. Tablcr I). 
Ffcwn ctie ntunbcr of caiglnaJly GFP-' progeny ;^nd cht 
ir^usgcciic IdcuiiTiunihct's. wc csiiin^a^d that DNA roasiti- 
bumiion liad occurred \o -ZD''8G% of germ celU. 

In line 2, whereas boUk trarisgciilc lod appeared to 
undergo succoairut DNA rcoomfainntjcin upoa iuductipn, 
c:!(Ctsior) ni iiciUicr Iocua \vs\& cozkiplete. ForrtmUon or 
' ^oiccic chimeras iii ih<>sc To iramjH^iUc planu coiild b« 
due 10 irwccdS.'JibUliy of the LZ proj^iinJior cells to iha 
liiducof niKl inrluccr iiisrubiliiy as wtU as posUtonal cITccts 

Figure 1, A sehemotic di^griiin of tho CLX vector and Mstracnol-inducod DNA "^'^^ InsJiriiom (sec bdow). In U,itt I and 3, 

excision, (A) Stmcturairoaturespf the CLX vector pX&^GFRtSaarar 21 for detBlls P^Jgwiy of dio [AlWIivc: T. rccambln^ints, Cxpfiaiing 

of the XVE syst&m.) Thf<$e tfdnscription units ora located within th« iwO AxrPsFtos; G/P wltJioui liio lotiuCtrf. :iiia\vcd a cotnplcic lo&ii of Llic 

XVE Con^Asa of tho coding sequeiwe of the XVE hybrid iransaclivaior terminated KAN'* marker gene orjd a intM^ddJiJii scgrcgadon for CFP 

by the rbcs Z9 poJyA addition scquance, and is activated by the CTa-OTprOmotar txiinstsiou in all 17 Tan^U^ij u^iiid (IMn \) suftaesdnc 

upivcam the bufP sito; KAN consist* of Ihe noparme synthase {NOSi gene ^P"^^"" t^^' ^^^^ suggosong 

promoter, the coding sequence of the neomycin transferase n (NPTfia and iho NOS COjtipIClfr aiid praqiw UNA fccombinaiaon. 

polyiiddnyiat/on saquenca; er&^^tt consists of eight copied of the LaxA operator ONA TGcoinbhiation b lUglUy inducible in aU ttsicd 

sequence fu3«d to the -46 CaWNSSS prornotar, the coding sdquentid of Cro (raiu^nic lines. To investigate whether the p-cf>trRdio!- 

imenupted by an Intron antf ^^^^^^^^ polyadenyratiort *c<?ucncc, jj^^ccd DNA uxdsion OCCUiTcd ill each of the traftSgcriSc 

OowrtSrtrcam of the SGC»nd/oxP site, the GA/>cONA was terminated by the rbtfsaA ,. .u.*n. . ^ _. , 

poJyA addition sequence. Arrows cn*fde squares indicate the direction of ^ liomtiduccd transgenic lines 

transcription. P1 through P4 denota pcimcrs used for PGR analysis shown In (iiiunbcra 4-23) ivtnegotiTliriatcdOnGiLhGrdieJwlGCtiveor 

Rgure 2A- Tour EeoRI sites (used for genomic Southern blot analysis In Fig. z8) are die ruductlvu ni«Ijijjti. Four independciu lirtcs (niunbci*s 

^i.'!?^j5^^^*?J:7¥L.^^^^^^ Putative Q 13, jg, -j^^ji<j) nj^pcaaiil to he nonfransgciiic escapes 
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products Of the ;s*estradiol-induced 5he«$pedriC DNA recombination. 

MuiiwWgC 'Skoog CMS) rnL•dJlJIti*^ A£\Lr ijiduciioii for two weeks. 
unJ/oj-m CrV? HuorcsceDrc wtJi UcIcclclI in rOals at rill Qvc" cxplant^ 
ruJtwed on ihc; iiKluCfive njudlum. whurcrii- no C/vP expression was 
ob:if^rvecl in cxpUmis grcjwrj on xlut noninducrivc MS medium 
(15 lima cxamir»«cJ). AU <J3 indcptndcrK liiKiS were then UTuisrenxid 
Ki soli, and T] se(yj5 were obtained fhjiii 23 lines including 3 Hnc^ 
(numbers 1-3) previously created wtdi {^siTiidiolat iheT/j gcm:r»- 
tiotx, Tlio dead) before flow^Ting of the remaining 20 liacs wa^; pn:^- 
stintfibly due to poor rooi growth sind devclopmcDU 

Genetic analysis of putatitve To recombinajics. T: seeds from 
ixansgenJc liiua 3 , 2. atid 3, irtj^»UH;l vviili p-csimdiol in tbc Ta ^mera- 
tiou, wifft gcnuinntcd o<i MS medium and ansilyi-od for CFPaxpvcH' 
jsioii. 'Htc proporiJOu of GlrP-positivD (GFP'J progeny wjw less ilwii 



bm<i<\ oi\ gL'iicrJc aijd moli^ojlsir mmlyic^. No Ci^i' expres- 
sion vv^-s dottjcfeti id the rcniainiog l6 transgaiiir lines 
wlK'ci paw-n an tJiiiseliKtlvi; ttiedium, bu(.flU lines shov^cd irtdividu- 
abi widl luiifonn CF?cxpj o*sioii ofLcr [i-i!su-adlcil trcar.n\cnt» indi- 
ditiug that tho CIX sysi,in iiA all oV Lhusc liiuv* wiw Ughdy coiimillc'd 
.iiid highly reipoii:rtvc to ilic ijidiictM^ Wittiin each Tt line. GFl*" 
pliinLS were kanajtiycin-stattilive (KAN^) after traasrer* to di^i $is]cc^ 
live mudiun). iniiicatLag iJiat they were wild -type progeny, B»s^d on 
the $ii:gfcgati<in pDticms of both die selecii^in marker and OFF 
cxprcssifm. Tour Unc5 (numbers G, 8. 1 1, and 22) nppcoi'ed to contain 
a single Lra(t;igr:nic locus wlierefb^ Six lisics (numbers 4, 5, 7, 12. 14, 
and 16) Dppnreiidy conifUn muldple injn.sj^uiiit lod. bi these 
10 uTtn^'goiric lines, both iltc sclecdc^n nnrkci' azid lijc p^csinidlo!- 
induced CFP exptejulon &ugre«r)Ced in a nicndelian ttvanncr* The 
iraiisgoiic copy nLimb/tr vrti% inherently di/IrculLin deicmrineio lines 



TablQ 1. Genetic; ^naiyste of Ti and T2 progony deni/ed from putative To reconnbinants. 



Une 




1 




Tz {familyy 




GFP7GFP- 


Segregation 
of transsene^ 


KAN*/KAN« 


CFPVGFP- 

Heterozygous 


GFPVGFP- 

Hommydous 


1 


18/64(29.3) 


63/1d 


0/1.274 18J 




do;o(i) 




33/20 (6S.4) 


53/0 




Variable^-' 


variable* 


3 


ia/2fie$4.5) 


32/12 


0/1.235 (9) 


652/211(6^ 


240/0 (^) 



*Qevwn on MS medium witnout kaa^myein or {Uestf^dlol. GfPoxpresslon was exfini]ne<i ifvce ca seven d^ys nfier germination. 

"txdslon erriciancy (%); tho ;atjc of cdservGd to prqJcctEid (based Oii * 3:1 of 1S)1 sogresaicnl C!'p- prageny, 

plams wore vanstez/ed onto a kanomycln-seiQctivc or an Inducilvt: mcntiim. AdcUKgn^l t\ prc£|cny mat snowci: KAN'^ er (7/-^ exprasston were ideiitified. 
Iherelore. (ho i^csrogation indicates ilie ratio oS the Sum or Soodtings stiawing KAN'^ nrvl G^P- 10 thi^^ie wi(r;ou£ ctUicr U-ait. 

"^in(^orn<y solccea Ti <kTe"e' seedUAg^ wore 'fartsfcrred to sou. Seeds were canceled tiam indivlrtu?)) T; plants and ptficed cn dlffc:^.: rr;edig. The numbers crieftt^ 
oe '7 iamiHos an; ^an In paromlresea. KAN"* / KAN^pui^nt* wcm garminaicd on 'J\q kaiiBmyein»5eiccthrn medium, ka\* or Kan^" pfteflotypes wnrc scored 
7-1 0 days etier germin^.'icn. GP?"/GFP- plants wcie ger/tiitiAceei en M5 moc^ucn on^, HotGrazygaus or nomazygoiis u^eie^-itcs tamuies sr^viing segregation or no 
scgregpt'ion. respectively; ror G/=F oxpre^sibn: therdora the respectivo Tt progenitora were mQaifilcefy hdCcroJtys^us or hcn)ozygQU5. rotHi^ciccrvBly^ for the trans*- 
genie loeua. When c]crniinqiR(; on tho IttduciivQ rttcdium. A slmibr it<i:Qrc^ifon pntiom wo« obsorvtid tcr ihise ramlCei. 

M3o£h Cbc Kanamycm* selective n^tkcif and C/^PQxpression snowed a vAfiety Of &cgi^:^aiien pflCCOm^ raludlrg 1 Si T (two l.'tmilios}, 3;1 (ono tamltyh end no scgte^:)- 
tlon (Itvo ramlljes). 
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Figure 2. Motecular characterantion pf f^-estredloUMuced site- 
«p«cinc ONA cxei2iiOn in trsnsgcruc Ar^biddpsis pfants. (A) PCf% 
aniilysTs of gonomic DNA prepared from wKd-type Qan^ dnd 
transgenic plants (alt Tz ptantS; Unoft 1, 2, 3, and 5'as indicaied on the 
lOp) u^rtg primer* P1 through P4.Tha expacted rcR products from 
different combinations of primer pairs are {iicfleated on th» roft 
Unindueod tranSQCnfc plants {- lanosj wora grown On tlia selective 
medium* Putative recombinants (+ lanes) were Tj prqgeny ^rown on 
MS medium) dcrivot;! from {^cstTDdiol'-treatod {lines 1r 2, and 3) or 
Ti (line S) transgenic plants. M. DMA molccMtar weight msrkers^ (B. C) 
Genomic Southern t>lot arii)ly$is. Blots oonutirung digested genomic 
DNA (3 \i0 from wtld-type and transgenic plants were hybridtzed wlTft 
either a e^^Pp«^fee (B) or a NPW (C> probe. (D) Northern Udc analysis 
of cronsgene expression. Two-week-old Tz plants. (I^ne? 1 smd 5 as 
InCicotcd at the bottom) Qcrmindted on thd soloctivo medfum ware 
transforred to the inductive medium and incubated tor various timi; 
periods ^numbered lano^ indicato number of hours; Z wk denotes 
transgenic plants that were grown on the inductive medium for two 
wcekfl; 1- l9nQ;». s^mc in part A). Variations in transgene 
expression in line 5 were presumably caused by the segregation of 
two transgenic loci among Tz progeny. Note that the minor band 
Shown in th^ xvi^^iox is dutr to residual signal from iha GFP probe. 

10. 15.17, 20.21. and 23 buc:iM,«r of thf stiwll population »';(e5. 

lb furihur fluutiC:lC:ri/.i: \Jtit syKtciiu wu iinaly/tid T2 prO^oy'Cmm 
eight irrtiWgaiiC liriui (nuinbLi-s 4. 5, 6, 7. 11, IZ. 14, tmd 1.6) in 
dernlL The fuiiiainintf ui^hi Wuv^ (nunibqrs 8, 10. 15, 17. 20,21. 22. 
iiiul 23), which sIiOWTti ^-uiitmdlol-infludblq CTrP expression bl the 
T, gcncratiiin. vvert> nor iin-ttiigar.iid Tunljcr- Tz progcity of tbe puia- 
live Tj rccojMbljuuirs (iicaied wiili |i-cstradiol and shov^ing GfP 
tixprnssioii) sJiowunl uu v.xclsion LlTidciKy sirniKir 10 tlint of lines 1 . 2. 
imd 3. On tliu or.hcij' iiajul, T( iu>nri:cj:?iribi«inus jsJV-nved a ch^rftctcr- 
iMic inondiilifrn s^^gcoyimO]l paiirni for boUx ICAN^arjd P-eSir?idiol' 
d(ipiiui:lj.-in G/Pc'\pjv>sioti (Tablw 2 and 3). The abeivit results indf- 
Qntvd \]m (htt ()-l}^HMr|iol-ix)duL-(^d D.MA excision cccuntid in all 
Lmrijigottlc Woas exaciihuHl. 

IndeperidiMu DKA tvi;otnbinni:lon in multiple transgenic loct 
S«{»rcgru!nii nnaK'sb >UL»nt*ttid liirti sevti* ti'Jiiisgenic ISnw {rttirt>bcri 
2, 4. 5. 7- 12. 14. aiHl 16) rom:jinwi iiiotti ihnnone ixansgenic loais- 
Ta cidflrc^is whoihcr nil t>r Uu^ u'anK&ene copies were excisable upoi^ 
iiiduciipn, wo K»!crtrii T: ninUliiiS vviili an approxirtwldy 1 5:1 scgfc- 
gadon ratio for K;\N 'S-K.«\n-, vvhicii should be hcicfOKy^^oiis for boUi 



Crumgcnlc loci, and tesierl for ilie ^^csti-adlol-tnduced Gf7* expres- 
sion. ITbot]! copies of die iransgcjtc could undergo reanubbvidon, 
the GAP expression phenatypif idtould also se^re^te in a 15:1 ratio: 
or a 3:1 ratio if only one copy undcrwcni rccornbinnUoiu Iii all ^'cn 
ee&ted tnuttgcniciinis, p-BstnidioJ-inducctS C/^Pexpi'c&ion ^dtowed 
a scgrt:gab"ort paticju sfiniJm' to that of tlic KAN"* sdectivc marker 
(Table 3). Note that the GfP reporter gene appeafcd to urjSfornily 
exprcsiiin Uieinducej^tfcateti u-dnsg(3nic]>laiir!$<i^ examined under a 
floorcsciji'ice rrj icj'oscopL'. Son ic of Uicse plants, however, were gcnei " 
ic chiine««i a< shown by subsequent genetic (Tabic 2 and 3} and 
molecular aiikJyscs (see bciow). iVcvcrtiiolcss, Uit! above rcsuiijs 
deroomiriiT.ed ihai aH T-DNA iiisenions wt^tc fuUy functiojial for 
p-estradiol'induCcd, indtpcndpju DN'A recombination. 

MolecuUr analyses of j^-est3*ndioS-induccd DNA reconkbinatioru 
To diAiacterEze tjie ^•csrmdioMnduccd DX.A rcconifainat5on at tlic 
molecular leveU we perfommd PGR analysis ufilng primers spcafic 
for (he excised scqT4(tnce!i and Ilanking none^cd^ aicqucncpui (see 
Fig. 1). In a rtnorct»tnbinartlT-DNA,PiyP2ai!<lP3^P4 wiU araplify 
two DNA Cragmcnbi of 653 and ISTB bp. rcspccdvdy: PI/P4 will be 
unable Id ajnplify a 6 kh DNA frilfiirtitJU. under die nssny coi^LiOi\s. 
Upon correct DNA rccoinbln.itiwK l^owcvcn P1/P4 will nmpiify ilie 
rejoined G}0-90Ja\P-GfPiC(\u^ai (990 bp). Iii unjndijced plants, 
only the Pli'P2 and P3/P4 amplUlcct fratjinuiibi were dwectod, irtdi- 
car.iii» dial the system Is Ugbdy cOiUrollciL After inductlonr three 
DNA fraginents were detected in genomic DNA prepared from 
tmiisgL'nic line 2 ]>lanLS containiri^ two trjinsgenic loci. The^ diroc 
ampl'ification producrs contspondcd to tliij PI/P2 and P3/P4 frag- 
meni^ in oonrecoint;iiiant T-DNA and Uic P1/P4 fraigrnent in 
rtet>inbinani T'DN.^. Hovv-ever. Ut the retnaiuing dircc lines tested 
Odngle trtuL^igfinlc lortis, Ilncft I <ind 3: multiple LrttxisgciUc locf line 
5) only the PI/P4 li-agmeni wsw dcieeied (Fig. ZA), indlcndng coin- 
pictc DNA excision. Among other tijsied [int% dtrec (single uTim- 
gonic locus Imosi G and 11 and niuKiple tT".iii:tgetitc loci line H) 
showed com])lc(.c DNA exdsion. and four finmsgenlc Uncs 4. 7, 12. 
and I G: all widi multiple triini^gcnic loci) vvlchiiu3otnplcieDNAexci< 
sioi^ 

W(» pttifonncd genomic SouihOrt^ blot andtysii Ui trst whether 
the Dxci.fcfl ONA frrig! lion r, was rcimerttd cbiewhei-c in tlie hast piani 
gerirjint:. A CF/*i>robc c3(stcux'J £raRf IrHynjcnLwIUithccxpccied 
siis(f in woifJduwd iran^iitnic phmui. whrneas largci- DNA fTcigntciUs 
were detected fn iiyconibininu. pbUiLS (Fig. 2B). prcsuraahly repri?- 
sentJng rixsion iiyeuia b<itwcett Ai^bidopsJs gcnonuc DNA and the 
remaining ClOSO'CFptrM\s,gti)ti (.see Fig. I). Using XVIi, ere (data 
not shown), and NPTU {pig. 2C) i:odin$ .^-Cjucnccs as probes, no 
hybridist Ion SfjiinM ^x•a5 detected in recoml^inant pL-int.s. whereas a 
DNA rmgn icni of expected size was preNuni In uninduced tram- 
genie pUints. Thi^ indicates thai diu excised DNA did not i^ctitscrt 
Into die htisi pli\ni genome, No»e lhai i%vo DNA fragments wei»e 
dRtectmi iyy tho GFP probe in JlriC 5. conuiniag two copies of Uie 
T-DNA Irttcrt. Fvinlier demonstrating tliat both copies were huleed 
funcdojuil (Fig. 2B). 

Tabfo 2, Gonodc analysis of Tz progeny dcrivGd from 

Ti nonrecombinanu with 9 single transgenic locus* 



Line 


Ti Keceroxygous (family) 


Ti Homozygoi 


lis (family)^ 




KAN"/KAN* 


GFPVGFP- 




GFPVCFI>^ 




203/69 (2) 


(2) 


225/0(2) 


161/0(2) 






(2) 


259/0(2) 


137/0(2) 


6 


1GB/53 (2) 


171/56(3) 


179.'012) 


120/0(2) 




250/S5 (2) 


1S3/^S (2) 


212/'Q(2) 


120A)(2) 



plants vyofQ grown cn the setoctlve irj5CliU»\^. ar^ seeds were useti in 
UTeseexpertmcffi*. Sec Table 1 loclnctcs tor oiiieriechnlcflJ derjills. 
b|Mo CFP cj^e/esiiAii waa dctbded In any lostad K^N^ plants (200 3ced{if:03 
ttoni eight tamll\es). 
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Tablo 3. Genetic analysis Of Ti progeny dorived from 

Ti nonrocombirt^ts with T'PNA Insortioiiti in multiply lod' 



Line 




6FPVGFP- (Tamily) 


2 


248^7(2) 


192/12(2) 


4 


. 90/60) 


as/7 (1) 


5 


256^8(2) 


i75/n(2> 


7 


113/9 0) 


99/7(1) 


IZ^ 


115/5(1) 


86/4 (1) 




123/5(2) 


177/9(2) 


IS 




366/26 (3) 



•'T^ plfiTK^ g/OMA ort (he SOloctlva mocimm ana tno railing usQd 
Ri tnesQ Qxpenmems. See Tsbi& 1 fooblOTAs for other tochmcBl details. 
^In those TWO Unas, totn KANf* Ar.d crPexprusslon appoorodto sogrogaie in a 
ratio groator Lian 13:1. prasumaisly a? & r^suic or (irtkdgA tiQtwcen thesa two 



To monitor tbe '(>it>|^rtssion nf Incjuccd DMA rcoornbinnfcjori, wu 
(ociitiintd iniiiiigcnc tLxpn«Kian by !iorthem bloi arwlysiiiatdifrercnt 
tJnits afuii- (i-estradlgl i.rertrniciiL (Fig* 2D). The -^fV^ fusion gP4i«? wjtt 
uxj>rcss<Hl in uninduccd pUuiLS but ntit in rocniDbUwni planis 
(- lancss). TVie A^V^I'iriioti gcnr., alaiig with the (X)n<:iguous ojiCisablt 
sogincni. w;v? lost upon Ltiducci' uontrricnt. As cxpecio^-t. XVE 
iix^n i^iOii grtidually dcdined upon cxifirwitjd InducUon, ere tm^ws-^ 
slort vt«s iiglnly coi\ifollod by dm XVH system wSd?oui denx:inblc 
p,xpjv^<;5lon \n uwrnductrd plaiiL&. but strbng iiiducdon affcc 
(S-usimdiol btiatineiiLSLniiUu-m timLotXVE, crvjcxprcssloii gradually 
dcci'efiscd \vit]\ lixvte. pn.'&iunatily an n i-cHult Qf traii5gt'])e eMi^'oii 
arid/or uiduccrimuibiliLy (rcf. 21) . PrcsMtnabty, tliL^ uistabiUty, us^^tII 
as tlic pnrdai acccsslbllky of 12 progenii»r tt\h to (i-^sttjadiol. lead to 
the rt^miion orgetictic diintcras in some irari^gctitc lines, la eAVi- 
(rtist to ihedccUniiig A'V£and cn* tDcpresslDii, C^QxprowHon. which 
Is sn-icrly di!i>oiideni on correct DNA rucoinhrnntJon. dct.ticinbk 
afrcr 6 li of Uiductidii and progressively Iricrcnsed upon prolonged 
p-bsmKlitil rruamicin. C^oiisisrcnl wi'ili the ^abovcu GFP fluorciCGncc 
wim ususiily datcciablc ofLur iZ-Kt b orp'«5titidiol ti'catmeiiL 

Disctisfiion 

Woj t \vf, ricscrlhr a ligluly niguJ/itctl iind highly dticient siti>-spodIjc 
DNA u.\i7islcin system in ir?iiL«iieruc Ai'abidapsispliinls. This systtin 
has itivctTil JidvanujgM. Vii'Sl. it Is tt^hlJy controlled by |J-«vt.r»dioI 
nnd. niorco\'ei-.any Ic^iky exprcjisSott wlU resell \a no regeneration of 
triinjigenic pt^iis due to Uic ]os<» of ihv sdcctnblQ marker. Second. 
K:iit-&}><:a'fic DNA cxcbion oiii be Induced at any giv[>n dme. Tliird. 
upon ittduccd DNA cxdsioti. all "uAcd" components of the Srystcni 
iridiitfing (he s(Jcruiblc ntiu-kcr and die XVE system iisdt wUI ba 
rcinoN-cd fiT)m tbc host plinu gcnonic. Tbls fentun^ Is of uum^i 
importfitKO Tor die generation of nvarkpr-frec UTuisgcnic plants, and 
for ih\i g^ieraiioii of tronsgeidc pKifits carrying cnuitipic iransgcjicfi. 
Fourdj, u])Ori iiirluccd DNA excision. Uvi tnr||et gctiL* is pt'mifinondy 
eiLtivaicd, a situaiioji diat pre^en^s key adv?ini£ig<:s over trarisientJy 
blducI^d liirget gtjnt; f?xprossiO£i (such m the XVE system itself). If 
dc&ircd. the GIO'QO proniotor anx be e;<cascd by pEacing 'a IqxP 
iiic upslryani from the jiroiuoioi', whftrcjw a promoter of ina^reSL can 
be used to control Ui? iarg<;l grtie. Fifth, because ibe system tsui use 
any comeiiLioji/UiicIiJCt^iblo tnai'kcr. ii la applicable to any irsuuifar- 
(a')tion mrMJKKl. Fuially. bcciiusc multiple transgonc (ascrtions, 
tthher IhiHcd or independent, occur fi-cqucndy during pbint. imns- 
rnrinadon, tht; rqnioval of aU copiei^ Of thi^ selectable itiaxker Irom 
ihc host pt>jiiL gonom<; is or concern. Tlic CLX system is capable of 
pRidotKly crtciKiiig DNA sKcqucnccs Drom itiuldple T-DNA. inser- 
tions, wheth'-^' unlinlccd or linked. 

Compared m Mm GST-MAT system, in which 14% of Uic 
uiducKi-iransgcnic lines uudci^vcnt DNA cwci^lon^^. the CIX sys- 
ifctn apptvnird 10 function in all J 9 Lransgctdc lines examined. More 
bnpuriiuidy. uti piY)\ide COnipcUing genetic evidence show Ing:^ high 
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crndeney (Zg«»B6%). 3-estradiol -dependent DNA rccontbiiiatlan in 
gpnnlino cdls, whirh wa^ unknown for din CST-MAT sysicnL VVldi 
appropriate iitjprOV'cmcnLs in tlic induction conditions, a higher 
DNA Qxcision cHidcncy inay be e«p<jac(L 

Bailed on die KAN* ar\d Gi^ expression phcnntypM. cacli of ilie 
ID tested tines rcsjiondet^ to tjic inducer^ and showed mdfonn 
rv^maiit GFP expression. NeverUu:Ia5sL gencdc and molecular analy- 
ses revealed that soine of the ircaLed lin<is were genetic chimeras, 
prcsujoably caMscd by incomplei^ DNA excision in die L2 somatic 
progenitor cells btiCBttse of iridncnr inacccisLbiliiy or instJibUiLy^L 
Tl)fe problem may i>{: obvifiicd by j-epeaicd applicadoqR of the iiiduc- 
er. i^iwi^culArly to dm jiiioot meriisictn region. In atiy csHifr< this 
disadvantagi^ of d)C CLX <ry£Lcm sbotild i\ai dccract Troni h5 txsc for 
regulated. DNA excision in transgqiUc crop plants. As d«nionsMrated 
here with Atuhidopsis lin<i& 1.2, cmd 3, primary iraii&li^itnani:^ can be 
imnwdiately treaii^d ufUh the inducer to obtiiin Ti progeny witii all 
possible .s^grcgvitlon paucms, allowing the recovery of u»isg<«nk 
plnnis with dll^ desired gciioiypo. The appropriaic Tl plants contain- 
ing only die tiir^et gate can br, used Inuncdiaiely for Qui£j'o&H vtriih 
cotnoiercial varicu'e^ 

Experimental protocol 

PlnMiiid coiuuritctlan. AU n^oloeuL-ir nuinJiitjJnt lorv^ \v«rc carric'd ttui foilnw- 
iii^ hinruisuti pnKi;durcs^« Pwq DNA poIymei%i«t was used hi PCR'saccQjtl- 
tn^ (o die inantifacittreA iasfmcijuns (Roclie Ktolecular BlOCHi^itcals. 
ItunAJ*ia|>oU^, IN), Toconstrucr. pXl.TJu^ BiA/EeoRl rn?gmentof pMM23 (ihu 
Crt <:odio{^ $6<iucjici>) and a PCR-gonmred fr«^niejic (rhe NOSpoly A nddi- 
rlon sequence fused ra a !oxP^\r'. p?v[M23 primed by CrftF/2'»Jc5x2 prlmw:s. 
dijptfisijed wuh l5ci)BX) vntu co-ligated imo hd/HJjydl digi^^ccd pDlueScript 
vector (SinicagenDL La JoUx CA) , A C/7'cDNA vras Jiisened d£^wn$rtraRi of 
the kxPslw lo yidd pX-2. 

Thr civ*ifH fusion fi«ne vccoor pX-3 wns cdruErructod by a series of PCR- 
ll;^aiji!jrt-t>C.R rc?iaii'»rrf, All PGR PragmeniA weff^ HMtwl wkh T4 DNA 
tiijasc iKjfofe Subsequent lljpftrion r«actloits, wbldi werp jhc.tx <ilrcct;ly used 
for downwre»ni PGR. Apprupr lal<^ <^l1ml'0l^ with dilTcreni cofoblAAtiortjt of 
PGR prtn)f^s went Included in sicp^ Z and 3. (J) lif^Adon 1/2: ihi; 
CrnAl^/CirQe primer! PGR rnngiitenc (eadmnx Ul'M ofCre: pXl asihe 
Fftfuplue) vitt& ti{>fliod w'ith A CcfnF/CeinB auipliAcd PGR fmgment con- 
Rining intron 5 of the KORl {\fiQir\ Nudnotidcf; 4-6 of die hnuaa (TTC) 
wtfin rtittiurncJ to AGT lo bntrnr rnntcb «be spUcing rofWiMisus in Ansbldopsts: 
[1) llgftiioft 3/4! CfcATC/CelnB primed ligACion 1/2 (Crr J -l'l'UKOE^l 
iiMfCkdii fujirm rrf^jjmenr) was lj{;aTPd ro CffiX^'/CresRIJJ (S^ii-145 to ibt end 
of CfD sequence-; pXl as thcftoiu plate): (3) PGRS:llgaTioA3/^-wa&ninpIifIed 
with CrciVTC/GreRlB primers. Tho jrc(7RI-dlg«»ted PCR5 fraginciu wait 
iiteuric^f tijfr. StuVBirQil] dlfi*»s»t!d pX2 10 Yiclfl isX3 consisting of rrp- 
ItU' Tnoi^IiKy P- CFP amiMtrnevji^ 

The CW-yo^loxP'Xl^ FatiOn gwift (|Ja''t'^l Wiut^ncc) was ninde by 
imcrdnfs Uie LqxTI/ERB1359 primal PGR fnjgmcnt (nraied wirh T4 DKA 
kinase; pEKS as die uimplaie^) Mio the Smai /£cr/3fill digesx«ci pLiG1090 
vi«ctDr^ to j;o.nemrc pX4. To CQn.{iruei. pXS, tlip M/uVXbd ff agmenr ofpERIO 
fovmilnlng 3'portlan of thi* XVR crai\s&iption unit the knnan)>t:in tran- 
£cri]!iUx:in qf^. mxl the 0^'-^^ target prtsmotci*) aiuj ttuc SaH'Spel fiagnicnr. 
of pX3 (coiMaJniitg the etn**itH' Tnos-loxP-CFP scquoiTCfia) wcrt* cO-Ilgi>tcd 
Inro the \Uu\lSpe\ digested pX4, Tlic CLX vecror pX6-CFP was coi«u*ucit'<l 
hy replacing di£ Ssi^V&lVSpA tm^m^ax pT pERd iitSlI) uiib du^e cf pXS 
(sec Fig. 1). ?/5i»ers used for PCli; 
CreF: S'-CTCCACACAGTCCCCCTCTCGCA-r 
r4ox2:5^CAAGATCTATA.^C^'TCGTA•TAAl'C•DVIGCTAIACCAACT 

-DVrG.ATCTAGT\.\CATACATCACACC-3' 
CfMTC:3^-CCCCtCCAGAIGTCCA.\mACTCAX:CCTA-3' 
GreOB: rACTCGTCCAAATCAGTCCGTlCGM.y 
Ctiliilf:5'-CTA,\GTClTCrrnCGnTACTCrtAlCAG^3' 
CeliiB: a'-CTGCCAAVKT^iCACCAACCCCCAG-r 
CroVF;5*-CrrCCrrCACTCATCG^AAATACCCATC-3' 
C/iiRlB: S'-CCCrrrCCCCCC AFC AAT.AATATTG ATC- 3' 
LoxTlio'-TAATAACTTCGrATACCATAGA'lTArACCAAC-fTATCAAT- 
TAWCCCCCGGCAATCiV\A-3' 

ERBl3i30: 5'- G.^TCACGACCACCTGGCCCACCCC-3' 

"Vixt pXG*Cf P sM)ut!ncr Iuik btwo depCi&iled iit the ConBanlL d^tratKlse 
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(Hc:as:EtDr» niunlMr: AF330&3&). 

Viam niAwiAhL, gi^tvilt condltfons, and pfaat irju»roniiti(ioii. The 
W^«ri/tn^3A^^ccQlype of A thaliot^ vnw \sw«l In ali eKpcrlnienra. The selec- 
tive ami U^uciLvG mcdta cottmlnut! MS mwJiun\^ plus knilani/cin (50 nig/U 
Of l7-P-cacrn<iiol (2pM).iisspti(n-I\>ci^ CFPngpritsccncewBsiMamhicd u&in^ 
a ZeUsA Axioahop fluorescent tnlcroiicop^:. 

PCR vkalyKiftiind ^onilc Souiltem btotanalysis. C^noiuic DNA wat pt^ 
pftivd wiih ihd Plnni: DNAcasy Ptirf) Kit (Qlageiiv \&lencU. CA) Bccofdiog la 
the mAauTflcrurtir^s Infivucrtona. Appniximntrjy 50 ng oTganofTik DNA were 
used for PCR. Tho rcactlom wGresubJecuid lo 94*C Ibr ZDs. BO*C ftir 30 s. and 
72"C for 2 rnin for 5Q cydcs. Primes for PCR analyses: 

PI; S'.CCATCTCCACTGACCTAACGCAT-y 
. ?Z\ 5M:TCCTCAArTCCAACGCCATCCCT-3' 

P3: idemlcnl i<:i C1^c^F. 

P4: S^rrCTmCTTCATCCATCCCATC-y 

Genomic Southcru blot onAlysL^ u^ascarftcd oue rotlowtngj»landDnJ mcth- 
ildv^. Briefly, genomic DNA (3 pu) prepacwi from wild-type ftrtd trsnsijenlc 
plAObk w4tt icJi^t^d v^Lfh iind separated on 8 Qi(% agarose Ahd 

bEaciird onta a r^on mpmbcTinc (Stntoigeoti). Blots wetfr l^bcidisud with 4 

OFF protM iknd <yiher with a ^TTII proba btbcJed until the Meg^p^imn- 
DNA L'ibeli/^^ Syi(rii-.n) (AintTsham, Flscarjivviiy, NJ). 

All ortier meiliod^, including giwiJi and uaiurorniatloa and RNA 
niUAlpulatjons. have b4i£;ft dts&critacid^-^^. 
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